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(54) Film forming method and semiconductor device 



(57) There is provided the film forming method of 
forming the insulating film 204 containing silicon on the 



substrate 103 by plasmanizing the compound having 
the siloxane bonds and the oxidizing gas to react with 
each other. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a method of forming an insulating film containing silicon, and to a semicon- 
ductor device and, more particularly to a technology valuable for forming the insulating film containing silicon having 
a low dielectric constant. 

2. Description of the Prior Art 

[0002J In recent years, miniaturization of the semiconductor device such as LSI, etc. progresses and thus wiring 
distances in the semiconductor device are reduced year by year. If the wiring distances are reduced in this manner 
the parasitic capacitances of the wirings are increased and thus the operation speed of the semiconductor device is 
slowed down. Therefore, there is the possibility that the higher speed of the semiconductor device is prevented 
[0003] As one of the solutions to prevent such increase in the parasitic capacitances of the wirings, the insulating 
film having the low dielectric constant can be employed as the interlayer insulating film. The Si0 2 film is widely employed 
as the interlayer insulating film in the prior art. However, in order to reduce the wiring capacitances, the insulating film 
having the lower dielectric constant than this Si0 2 film must be employed. The relative dielectric constant of the Si0 2 
film is 4.1 , and up to the present there are following films that are known as the insulating film containing silicon having 
the lower dielectric constant than that of the Si0 2 film. 

(1) S0G (Spin On Glass) film 

(i) HSQ (Hydrogen Silsesquioxane) film Dielectric constant 3.1 to 3.5 

(ii) MSQ (Methyl Silsesquioxane) film Dielectric constant 2.8 to 2.9 

(2) FSG (Fluorinated Silicon Oxide) film Dielectric constant 3.5 

[0004] With regard to the dielectric constant of above films, we referred to Table 1 set forth in "Monthly Semiconductor 
World", page 52, October, 1 999. 

SUMMARY OF THE INVENTION 

[0005] It is an object of the present invention to provide a method of forming a noble insulating film containing silicon 
that is different from these insulating films in the prior art, and a semiconductor device using such insulating film 
[0006] According to the film forming method of the present invention, the insulating film containing silicon (hereinafter 
simply refer to as insulating film) is formed on the substrate by plasmanizing the compound having the siloxane bonds 
and the oxidizing gas to react with each other. Here the Si (silicon) atom in the "compound having the siloxane bonds- 
have already been bonded with O (oxygen) in the form of the siloxane bond (Si-O-Si). Therefore, in forming the film 
it is difficult for C (carbon) to newly bond with the Si atom in the insulating film formed by using this compound. As a 
result, it is hard to form many Si-C bonds in the insulating film, and thus the number of Si-C bonds in the film is reduced 
[0007] It is generally known that the increase in the number of Si-C bonds in the film causes the increase in leakage 
current of the film. As described above, since the number of Si-C bonds in the film can be reduced in the insulating 
film formed by the film forming method of the present invention, the increase in the leakage current of the film can be 
suppressed. 

[0008] Particularly, when H 2 0 is used as the oxidizing gas, an amount of NH 3 in the insulating film can be reduced 
Therefore, when the chemical amplification resist coated on the insulating film is patterned, the resist is not crosslinked 
by NH 3 and thus the resist can be patterned finely. As a result, if the chemical amplification resist is used as an etching 
mask, it is possible to perform desirably the fine patterning of the insulating film underlying the resist. 
[0009] Also, according to another film forming method of the present invention, the insulating film is formed on the 
substrate in the atmosphere in which the high-frequency power is applied to the upper and lower electrodes of the 
parallel plate type plasma chemical vapor deposition equipment, and the reaction gas containing (Si(CH 3 ) 3 ) 2 0 and 
N 2 0 is introduced into the chamber. Here, (Si(CH 3 ) 3 ) 2 0 is an example of the aforementioned "compound having the 
siloxane bond", and N 2 0 is an example of the aforementioned oxidizing gas. Therefore, as described above the in- 
crease in the leakage current can be reduced in the insulating film formed by this film forming method. 
[001 0] Also, it becomes apparent that if the high-frequency power is applied to both the upper and lower electrodes 



EP1 113 489 A2 



like this film forming method, the dynamic hardness of the insulating film can be increased compared to the case where 
the high-frequency power is applied only to the upper electrode. 

[001 1 ] In addition, according to the results of the examination made by the inventors of this application, it became 
apparent that if the pressure of the atmosphere in this case is set to more than 0.5 Torr, the dielectric constant of the 

5 insulating film can be reduced smaller than that of the conventional Si0 2 film. 

[0012] Further, according to another film forming method of the present invention, the insulating film is formed on 
the substrate in the atmosphere in which the distance between the upper and lower electrodes of the parallel plate 
type plasma chemical vapor deposition equipment is set to more than 25 mm. In this case, the high- frequency power 
is applied only to the upper electrode and not to the lower electrode, and the reaction gas containing (Si(CH 3 ) 3 ) 2 0 and 

10 N 2 0 is introduced into the chamber. As descried above, the increase in the leakage current of the insulating film can 
be reduced. Besides, according to the results of the examination made by the inventors of this application, it became 
apparent that if the distance between the upper electrode and the lower electrode is set to more than 25 mm in this 
manner, the dielectric constant of the insulating film could be lowered. 

[0013] Also, according to still another film forming method of the present invention, the Si(OR) n H m compound may 
15 be used in place of the compound having the siloxane bond. Here R denotes an alkyl group, n+m=4, and rn^O. 

[0014] In this Si(OR) n H m compound, the Si atom is not directly bonded with R but bonded with R via O (oxxygen). 
Hence, if the Si(OR) n H m compound is used, Si-C bonds are difficult to be formed in the insulating film. Therefore, like 
the compound having the siloxane bonds, it is difficult to form a large number of Si-C bonds in the insulating film by 
using the Si(OR) n H m compound, and thus the number of Si-C bonds in the film can be reduced. As a result, the increase 
20 in the leakage current due to many Si-C bonds can be reduced in this insulating film. 

[0015] It should be noted that a plasma process may be employed after the formation of the insulating film, which is 
formed using the compound having the siloxane bonds or the Si(OR) n H m compound, in order to improve the hygro- 
scopicity resistance of the film. In this plasma process, the atmosphere containing at least one of 0 2 , N 2 0, and NH 3 
is plasmanized and then the surface of the insulating film is exposed to the plasmanized atmosphere. 
25 [001 6] According to this, H 2 0 contained in the film and C0 2 formed in this plasma process by oxidizing C in the film 
are discharged to the outside of the film, and also unbonded bonds of Si in the film are terminated by O, N, H, etc. 
Therefore, unbonded bonds of Si in the insulating film can be prevented from being bonded by OH group and the like, 
and thus the hygroscopicity resistance of the insulating film can be improved. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

FIG. 1 is a sectional view showing a plasma CVD (Chemical Vapor Deposition) equipment used to form an insulating 
35 film containing silicon according to the present invention; 

FIGS.2A and 2B are sectional views showing a method of forming the insulating film containing silicon according 
to an embodiment of the present invention; 

FIG.3 is a graph showing change of high-frequency powers applied in forming the insulating film containing silicon 
according to the embodiment of the present invention with respect to a time; 
40 FIG.4 is a sectional view showing a method of forming the insulating film containing silicon according to an em- 

bodiment of the present invention when an underlying insulating film and a cover insulating film are formed; 
FIG.5 is a graph showing a relationship between a relative dielectric constant of an insulating film 204 containing 
silicon and a pressure and a relationship between a refractive index and the pressure when a pressure of the 
atmosphere is changed while applying a high-frequency power only to an upper electrode 104 by setting an elec- 
ts trode distance to 25 mm; 

FIG. 6 is a graph showing a relationship between the relative dielectric constant of the insulating film 204 containing 
silicon and the pressure and a relationship between the refractive index and the pressure when the pressure of 
the atmosphere is changed while applying the high-frequency power to both the upper electrode 1 04 and a lower 
electrode 1 02 by setting the electrode distance to 25 mm; 
50 FIG. 7 is a graph showing a relationship between a power of a second high-frequency power supply 109 and a 

dynamic hardness of the insulating film 204 containing silicon and a relationship between the power and a Young's 
modulus of the insulating film 204 containing silicon when a power of the second high-frequency power supply 
109 is changed by setting the electrode distance to 25 mm; 

FIG. 8 is a graph showing a relationship between a power of a first high-frequency power supply 1 07 and the relative 
55 dielectric constant of the insulating film 204 containing silicon and a relationship between the power and a refractive 

index of the insulating film 204 containing silicon when a power of the first high-frequency power supply 107 is 
changed by setting the electrode distance to 50 mm; 

FIG.9 is a graph showing a relationship between the power of the second high-frequency power supply 1 09 and 
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the relative dielectric constant of the insulating film 204 containing silicon and a relationship between the power 
and the refractive index of the insulating film 204 containing silicon when the power of the second high-frequency 
power supply 1 09 is changed by setting the electrode distance to 50 mm; 

FIG. 10 is a graph showing a relationship between the relative dielectric constant of the insulating film 204 containing 
silicon and the pressure and a relationship between the refractive index and the pressure when the pressure of 
the atmosphere is changed while using H 2 0 as an oxidizing gas by setting the electrode distance to 50 mm- 
FIG.11 is a graph showing results of the insulating film 204 containing silicon measured by the Infrared Absorption 
Spectroscopy when the pressure of the atmosphere is changed while using H 2 0 as the oxidizing gas by setting 
the electrode distance to 25 mm; " 

FIG. 12 is a graph showing a relationship between the power of the second high-frequency power supply 109 and 
the relative dielectric constant of the insulating film 204 containing silicon and a relationship between the power 
and the refractive index of the insulating film 204 containing silicon when the power of the second high-frequency 
power supply 109 is changed while using H 2 0 as the oxidizing gas by setting the electrode distance to 25 mm- 
FIG. 13 is a sectional view used to explain a method of measuring a leakage current in the insulatinq film 204 
containing silicon; 

FIG. 14 is a graph showing characteristics of the leakage current in the insulating film 204 containing silicon when 
the power of the second high-frequency power supply 109 is changed while using H 2 0 as the oxidizinq qas bv 
setting the electrode distance to 25 mm; 

FIG.15 is a graph showing measured results of an amount of NH 3 , that is contained in an insulating film formed 
by using Si(CH 3 ) 4 and N 2 0, measured by the TDS method; 

FIG.16 is a graph showing measured results of an amount of NH 3 , that is contained in the insulating film 204 
containing silicon formed by using HMDS and H 2 0, measured by the TDS method; 

FIG.1 7 is a graph showing a relationship between the pressure of the atmosphere and the relative dielectric con- 
stant of the insulating film 204 containing silicon and a relationship between the pressure and the refractive index 
of the insulating film 204 containing silicon when the pressure of the atmosphere is changed while usinq HMDS 
and H 2 0; 

FIG.1 8 is a graph showing characteristics of the leakage current in the insulating film 204 containing silicon when 
the pressure of the atmosphere is changed while using HMDS and H 2 0; 

FIGS.19A to 19F are sectional views showing a sectional shape respectively when the damascene process is 
applied to the insulating film 204 containing silicon according to the embodiment of the present invention- and 
FIGS.20A to 20G are sectional views showing a sectional shape respectively when the damascene process is 
applied to the insulating film 204 containing silicon formed by using H 2 0 as the oxidizing gas according to the 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0018] An embodiment of the present invention will be explained in detail with reference to the accompanyinq draw- 
ings hereinafter. a 

(1) Explanation of the plasma CVD equipment used to form an insulating film in the present invention. 

[001 9] FIG.1 is a sectional view showing the plasma CVD (Chemical Vapor Deposition) equipment used to form the 
insulating film containing silicon (hereinafter simply refer to as insulating film) in the present embodiment 
[0020] In FIG.1, a reference 101 denotes a chamber used to form the film, and two opposing electrodes ie alower 
electrode 1 02 and an upper electrode 1 04 are provided in the chamber 101. Here, the lower electrode 1 02 serves also 
as a loading table on which a substrate 103 is loaded. A heater (not shown) for heating the substrate 103 up to the 
desired temperature is built in the lower electrode 102. A reference 105 denotes power supplying lines that supply a 
power to this heater. Ky 

[0021 ] Further, the upper electrode 1 04 serves also as a shower head that supplies a gas to an interior of the chamber 

[0022] A first high-frequency power supply 1 07 and a second high-frequency power supply 1 09 are connected to 
these two electrodes 104 and 102 respectively. The gas in the camber 101 can be plasmanized by supplying a high- 
frequency power to the gas in the chamber 101 from one of these high-frequency power supplies 107 109 or from 
both the power supplies. * ' 

[0023] In addition, a gas introducing port 108 is provided to the upper electrode 104, and the gas is introduced into 
the chamber 101 via the gas introducing port 108. An exhaust port 106 is provided to the chamber 101 and the gas 
introduced into the chamber 1 01 is exhausted via the exhaust port 1 06 to reduce a pressure in the chamber 1 01 
[0024] It should be noted that since the upper electrode 1 04 and the lower electrode 1 02 are provided in the chamber 
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101 to oppose to each other, this plasma CVD equipment is so- called parallel plate type plasma chemical vapor 
deposition equipment. 

(2) Explanation of the method of forming the insulating film according to the present invention. 

5 

(i) Outline 

[0025] The inventors of this application have made following consideration before making the present invention. 
[0026] First, it is considered that in order to form the insulating film having the low dielectric constant, the Si0 2 film 
10 should be formed to contain groups containing C (carbon) and H (hydrogen) in the film so as to reduce a density of 
the Si0 2 film. It is expected that when the Si0 2 film is formed in this manner, Si-0 bonds are disconnected at the portion 
where these groups exist and thus the dielectric constant of the portion is reduced, which in turn result in reducing the 
dielectric constant of the overall film. 

[0027] Second, it is considered that when the Si0 2 film is formed as above, the above groups should be contained 
15 in the film not to form a large number of Si-C bonds. This is because, if a large number of Si-C bonds are formed in 
the film, portions in which a large number of Si-C bonds are continuously exist are formed in the film, and thus there 
is the possibility that the leakage currents are generated in these portions. 

[0028] Third, it is considered that, in view of the first and second considerations, 0a reaction gas containing the 
compound having the siloxane bond (Si-O-Si) or(g)a reaction gas containing the Si(OR) n H m compound should be 
20 employed as the reaction gas used to form the film. Since the Si-0 bonds are formed originally in these compounds, 
there is the possibility that it can be made difficult to form a large number of Si-C bonds when forming the film. 
[0029] Then, examples of these compounds will be listed hereunder specifically. 
©Compound having the siloxane bond (Si-O-Si) 

25 HMDS (hexamethyldisiloxane: (Si(CH 3 ) 3 ) 2 0) 

OMCTS (octomethylcyclotetrasiloxane: (Si(CH 3 ) 2 )40 4 ) 

BEDS (hexaethyldisiloxane: (Si(C 2 H 5 ) 3 ) 2 0) 

TMDS (tetramethyldisiloxane: (SiH(CH 3 ) 2 ) 2 0) 

TEDS (tetraethyldisiloxane: (SiH(C 2 H 5 ) 2 ) 2 0) 
30 TMCTS (tetramethylcyclotetrasiloxane: (SiH(CH 3 )) 4 0 4 ) 

TETCS (tetraethylcyclotetrasiloxane: (SiH(C 2 H 5 )) 4 0 4 ) 

[0030] These compounds are liquid at the room temperature (20 °C). 
@Si(OR) n H m compound 

35 

Si(OCH 3 ) 3 H 
Si(OC 2 H 5 ) 3 H 
Si(OCH 3 ) 4 
Si(OC 2 H 5 ) 4 

40 

[0031] These compounds are a liquid at the room temperature (20 °C). It should be noted that the Si(OR) n H m com- 
pounds are not limited to these specific examples, but may use such a compounds satisfying n+m=4 and m^O, where 
n and m denotes integer 

^5 (ij) Explanation of film forming conditions 

[0032] Next, film forming conditions will be explained with reference to FIGS.2A and 2B : when the above compounds 
are employed to form the insulating film containing silicon. FIGS.2A and 2B are sectional views showing a method of 
forming the insulating film according to an embodiment of the present invention. 
50 [0033] At first, as shown in FIG.2A, a silicon substrate 201 on a surface of which a BPSG (borophosphosilicate glass) 
film 202 is formed is prepared. Then, an aluminum film is formed on the BPSG film 202 and then aluminum wirings 
203 are formed by patterning the aluminum film. These silicon substrate 201 , the BPSG film 202, and the aluminum 
wirings 203 constitute the substrate 103. 

[0034] Then, as shown in FIG.2B, an insulating film 204 containing silicon (simply referred to as insulating film here- 
55 inafter) is formed on the substrate 103. This is performed by introducing the reaction gas via the gas introducing port 
108 after the substrate 103 is loaded on the lower electrode 102 in the chamber 101 (see FIG.1), then heating the 
lower electrode 1 02 up to the predetermined temperature, and then applying the high-frequency power to the reaction 
gas from the first and second high-frequency power supplies 107, 109. At the same time, an inside of the chamber 
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rnn« S , Se V°! predetermined P ressure °V exhausting the reaction gas via the exhaust port 106 

[0035] As described above, as compounds contained in the reaction gas, there are® the comoound havina th» 

©the case where the compound having the siloxane bond (Si-O-Si) is used 
[0036] The film forming conditions in this case will be given in Table 1 . 



Table 1 


Flow rate of compound having siloxane bond (Si-O-Si) 


50 seem 


Flow rate of an oxidizing gas 


see Table 2 


Flow rate of an inert gas (Ar or He) 


200 seem 


Temperature of a substrate 103 


350 °C 


Pressure in a chamber 1 01 


1.75 Torr 


Frequency of the high frequency power applied by the first high frequency power supply 1 07 


13.56 MHz 


Power of the high frequency power applied by the first high frequency power supply 1 07 


50 to 300 W 


Frequency of the high frequency power applied by the second high frequency power supply 109 


380 KHz 


Power of the high frequency power applied by the second high frequency power supply 1 09 


10 to 100 W 



OMCTS HEDS ™ m DS ™ "rSrrl (Si -°- Si) ^ h the ,irSt line of Table 1 - *™ « HMDS, 

OMCTS, HEDS, TMDS, TEDS, TMCTS, and TECTS, which are already mentioned above. Any one of these comoounds 

may be contained in the reaction gas. These compounds, which are a liquid at the room t^Zea^ZZfo 

be vaponzed after the flow rates of them are controlled by the liquid mass flowmeter (not *JZ^^ui£!£ 

mto he chamber 1 01 ^Alternative*, the flow rates of these compounds may be controlled by the high ^SSS 

chamber^ 

Sth AIS °* ^ k 6 N2 °' ° 2 ' HA C ° 2 85 the ° Xidi2ing 9 as set forth in the «™ of Table 1 and at least 

one of them may be contained in the reaction gas. In case only one of these oxidizing gases is added into the reacTon 
gas, re., without coronation of other oxidizing gases, the flow rate of the oxidizing gas will be given in TMe 2 

Table 2 



Oxidizing gas 


Flow rate 


N 2 0 


50 to 200 seem 


0 2 


10 to 50 seem 


H 2 0 


100 to 300 seem 


C0 2 


100 to 300 seem 



LTLItio^r 9 T l ! 0rth the , ,hird ° f T8b,e 1 iS n0t eSSential - That is ' even if such gas is not contained 
n «1 T 9 ' advantaaes sim,lar t0 th °se described in the following can be achieved 

MHz Thk vaiu' 6 ' 6 ^' 0 m ? inSU,at ' ng ,ilm 204 f ° rmed in aCCOrdance with these conditions was 2 7 at 1 
MHz. This value is smaller than that of the conventional Si0 2 film (4 1) 

[0041] The reason why the insulating film 204 having such a low dielectric constant can be formed is considered as 

follows. That ,s, as can be seen from their chemical formulas, the compounds having the sJZne bond Si 7S 

contam the a.kyl groups such as CH3, C 2 H 5 and the like. Therefore, if the insulat^^^ 

compounds, the alky, groups are contained in the film. In the insulating film 204, the Si-0 L 

the portions where the a.kyl groups are contained, which in turn creates pores at he portions and ZSSSSS 

SET . ,h H a !, P0,li0 c nS - AS 3 r6SUlt ' the die ' eC,riC C ° nStant 0f the overal ' insulating film 204 is owered 

fore s no^S h ,0 H T ^ *"* * C ° mp ° Und havina the ^ane bond (Si-O-Si) There- 

ore smce the bonding of S. and C is limited in the insulating film 204, the Si-C bonds that cause the increase inTe 
leakage current ,n the fiim are hard to be formed. Accordingly. t is expected that the iJ^^^^ 
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film 204 can be reduced compared with the case where the compound that does not have the siloxane bond (Si-O-Si) 
is used. 

[0043] Though the high-frequency power applied by the first and second high-frequency power supply 1 07 and 1 09 
are constant in time in the film forming conditions given in Table 1 and Table 2, high-frequency power whose power 

5 varies in time as shown in FIG.3 may also be employed in the alternative. 

[0044] If the first and second high-frequency power whose power varies in time as shown in FIG.3 is employed, the 
high-frequency power is applied intermittently to the reaction gas. For example, the first and second high-frequency 
powers are applied to the reaction gas from a time T2 to a time T3, and the high-frequency power is not applied to the 
reaction gas from a time T1 to a time T2. In the present embodiment, a time period during which the high-frequency 

10 power is applied, i.e., T3-T2 is 0.5 x 1 0" 3 sec. Then, a time period during which the high-frequency power is not applied, 
i.e., T2-T1 is also 0.5 x 10" 3 sec. 

[0045] If the high-frequency powers whose power varies in time intermittently are employed, there is the possibility 
that the alkyl groups can be contained in the film in the complete form. That is, if the high- frequency powers whose 
power varies in time intermittently are applied, dissociation of the alkyl groups, which are contained in the compound 
*5 having the siloxane bond (Si-O-Si), due to the application of the high-frequency powers can be suppressed during the 
time intervals in which the high-frequency powers is not applied. 

[0046] Therefore, the alkyl groups which is not dissociate and thus of complete form can be contained in the insulating 
film 204. Accordingly, if the high-frequency powers whose power varies in time intermittently are applied, it is expected 
to be able to lower the dielectric constant of the insulating film 204 compared with the case where the high-frequency 

20 powers whose power is constant in time are applied. 

[0047] Under the conditions shown in Table 1 and Table 2, or in case where the high-frequency powers whose power 
varies in time intermittently are applied under the conditions shown in Table 1 and Table 2, the methyl alcohol may be 
added into the reaction gas. Since the methyl groups can be contained much more in the film by the methyl alcohol, 
much more Si-0 bonds in the film can be reduced. Therefore, it is expected that the dielectric constant of the film can 

25 be further lowered. 

[0048] In order to add the methyl alcohol into the reaction gas, a flow rate of the liquid methyl alcohol is controlled 
by the liquid mass flowmeter (not shown), and then the liquid methyl alcohol is introduced into the chamber 101. 
Alternatively, the methyl alcohol may be vaporized by heating and then introduced into the chamber 1 01 in a gas state. 
When the methyl alcohol is added into the reaction gas, the flow rate of the methyl alcohol is 50 seem. 

30 

©the case where the Si(OR) n H m compound is used 
[0049] The film forming conditions in this case will be given in Table 3. 
35 Table 3 



Flow rate of Si(OR) n H m compound 


50 seem 


Flow rate of an oxidizing gas 


see Table 4 


Flow rate of an inert gas (Ar or He) 


200 seem 


Temperature of a substrate 1 03 


200 °C 


Pressure in a chamber 101 

Frequency of the high frequency power applied by the first high frequency power supply 107 


0.8 Torr 
13.56 MHz 


Power of the high frequency power applied by the first high frequency power supply 1 07 


50 to 300 W 


Frequency of the high frequency power applied by the second high frequency power supply 1 09 


400 KHz 


Power of the high frequency power applied by the second high frequency power supply 109 


10 to 400 W 



[0050] As the Si(OR) n H m compound set forth in Table 3, there are Si(OCH 3 ) 3 H, Si(OC 2 H 5 ) 3 H ! Si(OCH 3 ) 4 , and Si 
(OC 2 H 5 ) 4 , which are already mentioned above. Also, it should be noted that the Si(OR) n H m compounds are not limited 
these specific example, but may use such a compounds satisfying n+m=4 and m ^ 0, where n and m denotes integer. 
Any one of these compounds may be contained in the reaction gas. These compounds, which are liquid at the room 
temperature (20°C), are heated to be vaporized after the flow rates of them are controlled by the liquid mass flowmeter 
(not shown), and then introduced into the chamber 101. Alternatively, the flow rates of these compounds may be 
controlled by the high-temperature mass flowmeter (not shown) after these compounds are vaporized, and then these 
compounds may be supplied to the chamber 1 01 . The flow rate of the Si(OR) n H m compound in Table 3 is the flow rate 
of the compound after vaporized. 
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o„! 1 th ' r N . 2 °' ° 2 ' " 2 °' C ° 2 as the oxidizin 9 9*s set forth in the second line of Table 3 and at least 
one of them may be contained in the reaction gas. In case only one of these oxidizing gases is added info the realtbn 
gas, w,thout comb.nat.on of other oxidizing gases, the flow rate of the oxidizing gas wi.. be gt en ^bte 4 

Table 4 



Oxidizing gas 


Flow rate 


N 2 0 


50 to 200 scan 


0 2 


10 to 50 seem 


H 2 0 


100 to 300 scan 


C0 2 


100 to 300 scan 



LTThil^.n? 1 ^ TT m °' thS inSU ' ating fi ' m 204 f0rmed in accordance with these conditions was 2 5 at 1 
ra*wl^ 

E /hat XS, 'h" 13 ^ 9 ,ilm T haVin9 SUCh 3 ' 0W diG,eCtriC COnStant can be f °™ d * considered as 

[0054] In addition, Si-OR bonds have already been formed in the Sifnm w ,w™~„^ ru * 

to torn, the a-C ton*. Accordingly, ,1 . ejected thai, In the insulating film 204, the portions In which man. sTc 

« r ?„: r" c? ?n; e d c hTT 1 * a, r * ,ieo,,,c cons,a "' 01 ms *■ ^ ■» « 

(Hi) Explanation of the plasma process performed to improve the hygroscopicity resistance of the insulating film 

cnss^^ji^: ~ d ' the mois,ure in the fi,m int ° * e ~ w 

scS jerrre^ — * — ~e hygro- 

afterthefilm isformed. FIG.2B), the plasma process ,s performed for the insulating film 204 

[0059] The conditions of this plasma process are given in Table 5 hereunder. 



Table 5 



(A) 


(B) 


(C) 


(D) 


(E) 


(F) 


(G) 


(H) 


(0 


o 2 


600 






400 


50 


400 


0.2 


60 


N 2 0 
(B): Q 2 flow rate (sea 


n) 


600 




400 


50 


400 


0.2 


60 



(C): N 2 0 flow rate (seem) 
(C): N 2 0 flow rate (seem) 

(E) : Power of the first high-frequency power supply 107 (W) 

(F) : Power of the second high-frequency power supply 109 (W) 

(G) : Temperature of the substrate 103 ('C) 

(H) : Pressure in the chamber 101 (Von) 

(I) : Process time (sec) 
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Table 5 (continued) 







( B ) 






(t) 


\n 




(H) 


(I) 




MM 






600 


400 


50 


400 


0.2 


60 


5 


d. d. 


300 


300 




400 


50 


400 


0,2 


60 




0 2 +NH 3 


300 




300 


400 


50 


400 


0.2 


60 




N 2 0+NH 3 




300 


300 


400 


50 


400 


0.2 


60 


10 


0 2 +N 2 0+NH 3 


200 


200 


200 


400 


50 


400 


0.2 


60 



(A) : Gas used in the plasma process 

(B) : 0 2 flow rate (scan) 

(C) : N 2 0 flow rate (seem) 

(E): Power of the first high-frequency power supply 107 (W) 



15 (F): Power of the second high-frequency power supply 109 (W) 

(G) : Temperature of the substrate 103 ( B C) 

(H) : Pressure in the chamber 101 (Ton) 

(I) : Process time (sec) 



20 [0060] In this plasma process, a frequency of the high-frequency power applied by the first high-frequency power 
supply 107 is 13.56 MHz and a frequency of the high-frequency power applied by the second high-frequency power 
supply 109 is 400 kHz. As shown in the Table 5, there are 0 2 , N 2 0, NH 3 as the gas employed in this plasma process, 
and at least one of them may be employed. In addition, Ar (argon) may be added to these gases. When Ar is added, 
the flow rate of Ar is 1 00 seem. 

25 [0061] If the plasma process is performed in this manner, H 2 0 that is contained in the insulating film 204 and C0 2 
formed in this plasma process by oxidizing C in the film are discharged to the outside of the film. Also, since unbonded 
bonds of Si in the film are terminated by O, N, H, etc., the unbonded bonds of Si can be prevented from being bonded 
by OH group and the like, which in turn improve the hygroscopicity resistance of the film. 

30 (iv) Explanation of an underlying insulating film and a cover insulating film formed to improve the hygroscopicity 
resistance of the insulating film 

[0062] In order to improve the hygroscopicity resistance of the insulating film of the present invention, the underlying 
insulating film and the cover insulating film may be formed under and on the insulating film 204. This will be explained 
with reference to FIG.4. In FIG.4, the same reference symbols as those used in FIG.2 are affixed to the constituent 
members similar to those in FIG.2, and their explanation will be omitted hereunder. 

[0063] In FIG.4, 205 denotes an underlying insulating film, and 206 denotes a cover insulating film. These films 205 
and 206 are, for example, made up of Si0 2 and the like. In case where the Si0 2 film is employed as the underlying 
insulating film 205 and the cover insulating film 206, the film forming conditions of the Si0 2 film are given in Table 6 
as follows. 



Table 6 



SiH 4 flow rate 


50 seem 


N 2 0 flow rate 


1 000 seem 


Temperature of the substrate 103 


400 °C 


Pressure in the chamber 101 


0.8 Torr 


Frequency of the high-frequency power applied by the first high frequency power supply 107 


13.56 MHz 


Power applied by the first high frequency power supply 107 


50 W 


Frequency of the high-frequency power applied by the second high frequency power supply 109 


380 KHz 


Power applied by the second high frequency power supply 109 


400 W 


Film thickness 


50 nm 



[0064] If the underlying insulating film 205 is formed in this manner, the moisture can be prevented from entering 
into the inside of the substrate 1 03 from the upper surface (the surface contacting to the underlying insulating film 205) 



35 



40 
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Ai H hi ?' C ° rr0Si0n ° f the a ' UminUm Winng 203 by the moisture ca " ^ prevented. 

Hm ZT Thfr! nr! th T ? PPer SUrfaCe (thS SUrfaCe C ° maCtin9 10 the cover insulatin 9 «' m 206) of the insulating 
film 204. Therefore, the degradation of the insulating film 204 due to the moisture can be prevented 

(v) Explanation of applying the present invention to the damascene process 

PS) H~rZ 'T" 9 ?" " PreS6nt emb ° diment * f0rmed 0n the alu ™^ wiring 203 (see 
FIG.2B). However, the present invention is not limited to this, and the insulating film 204 may be applied to the da 

to FIGSM QA°t Ce ^? U h table f0rmin9 ° 0PPer WiringS - SUCh damaSCene P-cesswH. l^2£S2S2lS 
to FIGS.19A to 19F hereunder. FIGS.19A to 19F are sectional views showing the case where the insulating 20! 
of the present invention is applied to the damascene process 9 4 

S At J - ' 88 t h ° W " ^ RG ' 19A ' 3 lowerc °PP^ wiping Iayer210 is formed on an underlying interlayer insulatina 
Mm 209 and a blockmg flm 211 such as the SiN film, etc. is formed on the lower copper winng layer 21 0 TheS 

[0068? ten T^TZ *? ^ *' 38 b ° ,h etChing St0 PP er < ilm ^11,2 

[00681 Then, as shown .n FIG.1 9B, the insulating film 204 of the present embodiment is formed on the blocking Z 
211 As previously explained, the insulating film 204 is formed by the plasma CVD method using ©the reac ion at 
contammg the compound having the siloxane bond or@the reaction gas containing the Si(OR)JH expound The 
conditions ,n this case are the same as those set forth in Table 1 to Table 4, which have already b^nTscribed The 

the ' nSUlatingfi,m 204 can be «'* d desirably by changing a film forming time. 
[0069] Then, as shown in FIG.19C, a protection film 212 is formed on the insulating film 204 A dense and hioh 

2S4 imm be"" ^ 1 T " *" Pr ° teCti ° n " * ™ S PMn *" 21 2 Serves * P« sulatg f m 
204 from being deteriorated in an ashing process and etching process 'nsu.ai.ng mm 

[0070] In turn, as shown in FIG.19D, photoresist 213 is coated on the protection film 212 After this an ooenino 
portion 21 3a ,s formed in the photoresist 21 3 by the photolithography. Then the protection f Im 212 and the nsSino 
f m 204 are etched by the RIE (Reactive Ion Etching) while using the photoresist 213 a a mas In th!s RIE he 
Plasmanized gas mixture containing CF 4+ CHF 3 or C 4 F 8 may be used as the etching gas *' 

Shinn Tnn 9 fM ** Under *• ° pening p0r,ion 213a in the Ph°t«BStot 213 is removed by 

nortinn of ?h ^ *** * Then > 3 SUrface of the blockin 9 21 1 is exposed onTe bottom 

contini CF° + CHF ng thTblo ^ ^ 2 " *' 6tChing - iStanCe a ^ the gas m 2e 

containing Or- 4 +CHF 3 , the blocking film 211 is not etched by this RIE 

EnST™? Sh ° Wn in f ,G ' 19E ' b,0Ckin9 211 iS 6tChed by the RIE Whi,e usi "9 the Phoresis! 213 as a 
rih n £ ', T S n 6 C ° ntaining CF4+CHF3 ' in Which the 9 as "-^Position ratio is changed than that used 
in th! M ° ! T't? f " m 2 ° 4 ' iS P |asmani2e d- BY this plasmanised gas mixture, an opening porL 21 l a s fled 
Lxlo^ A 9 r 1 ,0Cated Und6r ° Pening P ° rti0n 213a > and a surface of i« '°wer copper Ing ayer 2 " is 
F00731 m n ' 3 I 0 5 21 4 reaChin9 ' 0Wer C ° PPer Wiring layer 21 0 is f °™ d ^ this step 9 " 
as a TIN 2 ^ h " ? ^ ^ Ph ° ,0reSiSt 21 3 is removed and a ba ™ metal layer (not shown) such 

of the™a MeTuJnZuZ* "? ™ ^ C ° PP6r P ' ating fi,m 215 is fo ™ d «n an inner s rface 

of the v,a hole 21 4 and an upper surface of the protection film 212. This copper plating film 21 5 is formed bv suoolvinn 

surfTo th" C0P t Per t See f d , ' ayer (n0t Sh ° Wn) ' WhiCh iS f0rmed ° n the of the * SZ2 

surface of the protection film 212 by means of sputter method etc PP 

II,?; 1 ;^ the k C °PP er P |atin 9 film 215 formed on the protection film 212 is removed by the CMP (Chemical 

SSn^SSEi? r l • 8n UPP6r C0PP6r Wiring lay6r (n0t Sh0Wn > fe fomied on ^ Protection film 212 
E ^ k T 9 . 6 8b0Ve ment '° ned damascene Process, the insulating film 204 is foLd as the inte laver 

TJi J I" 6 ' 0W d ' e, f rC C ° nStant ,Hm that has the relative die 'ectric constant such as about 2 Van MHz as 

tZ ale 2 0 0andr " ^ inSUla,,n9 ™ * 6mp, ° yed ' the Widng Ca P acitance between the Je^coppe 
m«t hJ^hL T "PPe-'copper wmng layer (not shown) can be reduced, and therefore the semiconductor dLv?i 
that has the quick operation speed can be provided. =.«>iiiou.iaucioraevice 



EXAMPLES 



[0076] The inventors of this application examined how the property of the insulating film 204 chanaed when th* film 
forming conditions were changed, especially when using HMDS (chemical formula (s7ch7 wS Z £Z h 
having the siloxane bond. The results of the examination wi,l be elplain^inT following 3 3 2 ' 

the high-freguency signal of1MH Z was superposed on the OcS~ 
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film was measured, the ellipsometer using the He-Ne laser whose wavelength is 632.8 nm was employed. 

(1) The case where an electrode distance is 25 mm 

5 [0078] At first, a distance (electrode distance) between the upper electrode 104 and the lower electrode 102 was 
fixed to 25 mm, and the film forming conditions were changed as follows. 

(i) The case where the pressure was changed 

10 [0079] The film forming conditions in this case are given as following Condition A. 

(Condition A) 

[0080] 

15 

HMDS flow rate: 50 seem 
N 2 0 flow rate: 200 seem 
substrate temperature: 350 °C 
deposited film thickness: 500 nm 
20 frequency of the high-frequency power applied by 

the first high-frequency power supply 107:13.56 MHz 
power of the first high-frequency power supply 107: 300 W 
power of the second power supply 1 09: 0 W 

25 [0081 ] In the Condition A, the high-frequency power was applied only to the upper electrode 1 04 and was not applied 
to the lower electrode 1 02. 

[0082] When the pressure of the atmosphere was changed under the Condition A, a relationship between the relative 
dielectric constant of the insulating film 204 and the pressure, and a relationship between the refractive index of the 
film and the pressure were obtained as in FIG.5. in FIG. 5, an arrow pointing to the left indicates that the data series 
30 dotted by • represent the relative dielectric constant, and an arrow pointing to the right indicates that the data series 
dotted by O represent the refractive index. 

[0083] As can be seen from FIG.5, when the high-frequency power was applied only to the upper electrode 1 04, the 
relative dielectric constant was almost constant and its value showed about 2.8 even if the pressure of the atmosphere 
was changed. Similarly, the refractive index was almost constant and was about 1 .38 to 1 .42. 
35 [0084] The leakage current of the insulating film 204 formed under the Condition A was of the order of 1 0 -10 A/cm 2 
at the electric field strength of 1 MV/cm over all pressures. This value is quite satisfactorily for practical use. 
[0085] Next, the inventors of this application examined how the above tendency changed when the high-frequency 
power was applied not only to the upper electrode 1 04 but also to the lower electrode 1 02. The film forming conditions 
in this case are given as following Condition B. 

40 

(Condition B) 
[0086] 

45 HMDS flow rate: 50 seem 

N 2 0 flow rate: 200 seem 

substrate temperature: 350 °C 

deposited film thickness: 500 nm 

frequency of the high-frequency power applied by 
50 the first high-frequency power supply 1 07: 1 3.56 MHz 

power of the first high-frequency power supply 107: 300 W 

frequency of the high-frequency power applied by 

the second high-frequency power supply 1 09: 380 KHz 

power of the second power supply 1 09: 30 W 

55 

[0087] When the pressure of the atmosphere was changed under the Condition B, a relationship between the relative 
dielectric constant of the insulating film 204 and the pressure, and a relationship between the refractive index of the 
film and the pressure were obtained as in FIG.6. 



EP1 113 489 A2 



0088] As can be seen from FIG.6, when the high-frequency power was applied to both the upper electrode 1 04 and 
he lower electrode 102, the tendency that is clearly different from that shown in FIG.5 was obtained That is when 

nlf hTT/T, W3S aPPHed l ° b ° th eleCtr ° deS ' SUCh a tendency a PP eared that . wh ^n the pressure was 
increased, the relate dielectric constant and the refractive index of the film ware reduced 

[0089] In FIG.6, the value of the relate dielectric constant at the pressure of 1 .0 Torr was about 3.8. In the present 
example, the measurement was not carried out at the pressure lower than 1.0 Torr. However, it can be understood 

room a T ? that th6 r6,atiVe die ' eCtriC COns,ant comes close t0 4 0 at the P^sure lower than 1 .0 Torr 
0090] As described in the pnor art column, in order to provide the semiconductor device in which the wiring capac- 
tance ,s reduced smalfcr than the prior art, the film whose relative dielectric constant is lower than that of Si0 2 film 
(4.1) must be employed as the interlayer insulating film. It can be understood from the above description that to this 
end, the pressure should be set to more than 1 .0 Torr and the high-frequency power should be applied to both the 
upper electrode 104 and the lower electrode 102. 

[0091] Though the electrode distance was set to 25 mm in this example, the inventors of this application similarly 
apparent that, when the electrode distance was set to more than 50 mm, the insulating film 204 having the relative 

raoS TZT ? '"'I T h 0f Si ° 2 fi ' m (4 ' 1 > C ° Uld be f0rmed by S6ttin 9 the P ressure to ™* ^ 0.5 Torr. 
[0092] The leakage current of the insulating film 204 formed under the Condition B was of the order of 10«> AW 

at the electnc field strength of 1 MV/cm over all pressures. This value is quite satisfactorily for practical use. 
(ii) The case where the power of the second high-frequency power supply 1 09 was changed 

SrL A i S n?K SC , rib ? d f°T ? W3S f ° Und that Wh6n the hi 9 h - fre <1 u ency power was applied not only to the upper 
electrode 104 but also to the lower electrode 102, the tendency that was different from the case where the high- 
frequency power is applied only to one electrode was obtained. 9 

S-nTl N T inV£ T t0rS ° f thiS ap P' ication examined what ^ange occurred on the property of the insulating film 
204 when the power of the high- frequency power applied to one electrode was changed while applying the high 
frequency power to the other electrode. w ' 9 gn 

[0095] The film forming conditions in this case are given as following Condition C. 

(Condition C) 

[0096] 

HMDS flow rate: 50 seem 

N 2 0 flow rate: 200 seem 

substrate temperature: 350 °C 

deposited film thickness: 500 nm 

frequency of the high-frequency power applied by 

the first high-frequency power supply 107: 13.56 MHz 

power of the first high-frequency power supply 107: 100 W 

frequency of the high-frequency power applied by 

the second high-frequency power supply 109: 380 KHz 

EH IT 6 " P ,°r r ° f SeC ° nd hi 9 h - fre q uenc y P ower was changed under the Condition C, a relationship 
beuveen the power of the second high-frequency power supply 1 09 and a dynamic hardness of the insulating film 204 

! ° n on P T P ° Wer ° f the SSCOnd hi 9 h - fre « uenc y P°wer supply 109 and a Young's modulus of the 
insula ting m 204 were obtained as shown in FIG.7. The measurement of the dynamic hardness and Yang's modulus 
is carried out using the equipment DUH-W201 S, which is made by Shimadzu Corporation 

theToL^r 56 Cle H a !! y IT fr ° m RG7, dynamiC h3rdneSS and the V0Un 9' s ™dulus of «he film increases as 
^ hrgh-frequency powersupply 109 increases. Put in another way, whenthe power of the second 

tht",h!, ht^ 77 T * S lar " r than ° W ' thS fi ' m Wh ° Se dynamic nardness and Youn 9's modulus are larger 
than that obtained when the power is 0 W can be obtained. This means that if the high-frequency power is applied not 
only o the upper electrode 104 but also to the lower electrode 102, the film whose dynamic hardness and Young* 
modu us are larger than that obtained when the power is applied only to the upper electrode 1 04 can be obtained 
n th! LSI Way ' In . the damascene P™ ess '<* Arming the copper wiring layer, the damascene trench is formed 
Z ZT" er ; SU 8 ri" m ' 3nd ,he C ° Pper P ' ating is preformed for the "PP er surf «oe of the interlayer insulating 

oZZVl 11 T Cene trenCh - Aft6r thlS ' " ° rdGr l ° ' eaVe the C °PP er on| y in the dar "-oene trench 

overall surface of the copper plating is polished by the CMP method. When polishing the surface by the CMP method 
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the interlayer insulating film, together with the copper plating thereon, is polished to some extent. If the interlayer 
insulating film is polished in this manner, the residual film thickness of the interlayer insulating film must be desirably 
controlled. In general, it has been known that in order to control the residual film thickness in the CMP, the film having 
the large dynamic hardness is preferable for the interlayer insulating film 

5 [0100] As described above, if the high-frequency power is applied to both the upper electrode 104 and the lower 
electrode 102, the film whose dynamic hardness is lager that obtained when the high-frequency power is applied only 
to the upper electrode 1 04 can be formed. Accordingly, it is preferable to use the insulating film 204, formed by applying 
the high-frequency power to both the upper and lower electrode 1 04 and 102, for the insulating film which undergoes 
the polishing in the CMP process. 

10 [0101 J The leakage current of the insulating film 204 formed under the Condition C was of the order of 10 -10 A/cm 2 
at the electric field strength of 1 MV/cm over all pressures. This value is quite satisfactorily for the practical use. 

(2) The case where the electrode distance is 50 mm 

15 [0102] The results of the examination set forth in the case (1 ) were derived when the electrode distance was fixed 
to 25 mm and the film forming conditions (except the electrode distance) were changed. However, it is considered that 
the property of the insulating film 204 may also changes as the electrode distance changes. Therefore, the inventors 
of this application examined how the property of the insulating film 204 changed by changing the electrode distance. 
In particular, the examination was carried out while fixing the electrode distance to 50 mm in the following. 

20 

(i) The case where the high-frequency power is applied only to the upper electrode 1 04 and the power of the high- 
frequency power is changed 

[0103] The film forming conditions in this case are given as following Condition D. 

25 

(Condition D) 
[0104] 

30 HMDS flow rate: 50 seem 

N 2 0 flow rate: 200 seem 

substrate temperature: 350 °C 

deposited film thickness: 500 nm 

pressure: 0.9 Torr 
35 frequency of the high-frequency power applied by 

the first high-frequency power supply 107: 13.56 MHz 

power of the second high-frequency power supply 109: 0 W 

[01 05] As can be understood from the Condition D , the high-frequency power was applied only to the upper electrode 
1 04, and the high-frequency power was not applied to the lower electrode 1 02. 

[0106] When the power of the first high-frequency power supply 1 07 was changed under the Condition D, a relation- 
ship between the power of the first high-frequency power supply 1 07 and the relative dielectric constant of the insulating 
film 204, and a relationship between the power and the refractive index of the insulating film 204 were obtained as 
shown in FIG.8. 

^5 [0107] As can be seen from FIG.8, it can be understood that if the power of the high-frequency power was changed, 
the relative dielectric constant and the refractive index of the insulating film 204 were seldom changed. More specifically, 
the relative dielectric constant of the insulating film 204 is about 2.6 and the refractive index is about 1 .38. 
[0108] The leakage current of the insulating film 204 formed under the Condition D was of the order of 10" 10 A/cm 2 
at the electric field strength of 1 MV/cm over all the powers of the first high-frequency power supply 1 07. This value is 

so quite satisfactorily for the practical use. 

(ii) The case where the high-frequency power is applied to both the upper electrode 104 and the lower electrode 1 02, 
and the power of the high-frequency power applied to the lower electrode 1 02 is changed 



55 



[0109] The film forming conditions in this case are given as following Condition E. 
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(Condition E) 



[0110] 



HMDS flow rate: 50 seem 
N 2 0 flow rate: 200 seem 
substrate temperature: 350 °C 
deposited film thickness: 500 nm 
pressure: 0.9 Torr 

frequency of the high-frequency power applied by 
the first high-frequency power supply 107: 13.56 MHz 
power of the first high-frequency power supply 1 07: 300 W 
frequency of the high-frequency power applied by 
the second high-frequency power supply 109: 380 KHz 

KiLh7n h h TJl he T 6 ' ° f S6C0nd hi 9 h - fret > uenc y P^er supply 109 was changed under the Condition E a 

lined I: ^hl ° " 9 at, ° nSh ' P ^ ** W "« M ° hd « ° f the M »* ^ 204 were 

SnVfJ • AS Ca " b ^ seen , fr ° m FIG 9 ' i{ can be ^derstood that.if the power of the second high-frequency power supply 
ZlvlrT h the H re,at,Ve ^ ielectric and the refractive index of the film are increased correspond ngly 

However, rt can be understood from FIG.9 that the relative dielectric constant and the refractive index have their max- 
imum values when the power of the second high-frequency power supply 1 09 is around 1 00 W, and he^ar Xed 

^xTed 4 oThl' 8 i 1 °° A W - A,S0 ' ' Ca " be S6en fr ° m RG - 9 that the re,ative dielectric «nt does not 

exceed 4.0 at the maximum value. Accordingly, even rf the high-frequency power is applied to the upper electrode 1 04 
and the lower electrode 102, the relative dielectric constant of the insulating film 204 does not exceed the rltive 
dielectric constant (4.1) of the conventional Si0 2 film. 

[0113] Here, in order to see how the relative dielectric constant of the insulating film 204 changed when the electrode 

cofditi 6 W th T 9 ? T 5 F,G ' 9 C ° mpared " ,he f0 " 0Win9 - PartiCU ' ar, V' in "o 

5 t n nrT: : T Ctr ° de diStanC6 ' th6 re,3tiVe dieleCtriC COnStant < about 29 > obte ^ when the pressure is 
1 .0 Torr in FIG.5 should be compared with the relative dielectric constant (about 2.6) obtained when the power of the 
second high-frequency power supply 109 is 0 W in FIG.9. These values were obtained respite when t he f m 
formmg condrtions other than the electrode distance were set substantially equal. More specially 

[01 1 4] As can be seen clearly by comparing these values, the dielectric constant obtained when the electrode dis- 
tance was set to 50 mm became lower than that obtained when the electrode distance was set to 25 Zn 7Z reason 
or th, w I be g,ven as follows. That is, if the electrode distance is large, the area (sheath area, where ^e grad en to 

sna™^ 

is narrow .If the sheath area ,s reduced in this manner, the acceleration of the methyl groups caused by this sheath 
fT^O^ 

TcxLJ^T u" ° rd6r "VT diel6CtriC C ° nStant ° f th6 inSU,atin 9 film 204 ' * is »***>■*» to expand the 

Tin tTTT s P eciflca,| y. 't is preferable to set the electrode distance more than 25 mm 

[01 16] The leakage current of the insulating film 204 formed under the Condition E was of the order of 1 0-10 A/cm* 

(3) The case where H 2 0 is employed as an oxidizing gas 

[0117] The above results of the examination were obtained by employing N 2 0 as the oxidizing gas. The inventors 

eX T" ed h0W the P r °P ert V of t^ insulating film 204 changed' when the film forming condZs were 
changed when using H 2 0 as the oxidizing gas in place of N 2 0. 

(i) The case where the high-frequency power is applied only to the lower electrode 1 02 and the pressure is changed 
[0118] The film forming conditions in this case are given as following Condition F. 
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(Condition F) 
[0119] 

5 H M DS flow rate : 50 seem 

H 2 0 flow rate: 1 00 seem 

substrate temperature: 200 °C 

deposited film thickness: 500 nm 

electrode distance: 25 mm 
10 power of the first high-frequency power supply 1 07: 0 W 

frequency of the high-frequency power applied by the second high-frequency power supply 1 09: 380 KHz power 

of the second high-frequency power supply 109: 100 W 

[0120] As can be understood from the Condition F, the high-frequency power was applied only to the lower electrode 
15 1 02 and was not applied to the upper electrode 1 04. 

[0121] When the pressure was changed under the Condition F, a relationship between the relative dielectric constant 
of the insulating film 204 and the pressure, and a relationship between the refractive index and the pressure were 
obtained as shown in FIG. 10. 

[0122] As can be seen from FIG. 10, it can be understood that the relative dielectric constant and the refractive index 
20 of the insulating film 204 are monotonously reduced as the pressure of the atmosphere is increased. It can also be 
understood that the relative dielectric constant of the insulating film 204 is lower than that of the conventional Si0 2 film 
(4.1) at all pressures. 

[0123] The leakage current of the insulating film 204 formed under the Condition F was of the order of 10~ 10 A/cm 2 
at the electric field strength of 1 MV/cm at all pressures. This value is quite satisfactorily for practical use. 

25 

(ii) The examination results of H 2 0 contained in the film 

[0124] If H 2 0 is used as the oxidizing gas as above, there is the possibility that H 2 0 is contained in the insulating 
film 204. The inventors of this application therefore examined how the H 2 0 contained in the insulating film 204 changed 
30 when the pressure was changed under the Condition F 

[0125] The results of this examination are shown in FIG. 11. FIG. 11 shows the measurement results measured by 
the Infrared Absorption Spectroscopy. 

[0126] If H 2 0 is contained in the film, a peak appears in vicinity of the wave number of 3600 cm -1 . However, as can 
be seen from FIG. 11, no peak appears in vicinity of 3600 cm" 1 at all pressures. This means that regardless of the 
35 pressure of the atmosphere, no H 2 0 is contained in the insulating film 204 that is formed in accordance with the 
Condition F 

[0127] In general, if H 2 0 is contained in the interlayer insulating film, H 2 0 diffuses into the underlying wiring layer 
formed under the interlayer insulating film, and such a problem arises that the wiring layer corrodes due to the diffusion 
of the H 2 0. As described above, in the present embodiment, even if H 2 0 is uses as the oxidizing gas, no H 2 0 is 
40 contained in the insulating film 204, and thus such problem does not arise. 

[0128] In addition, according to the results of another examination made by the inventors of this application, such a 
good result was obtained that the film thickness uniformity of the insulating film 204 is less than 3 %. 

(iii) The case where the high-frequency power is applied also to the upper electrode 104, and the power of the high- 
45 frequency power applied to the lower electrode 1 02 is changed 

[0129] In the Condition F, the high-frequency power is applied only to the lower electrode 102. The inventors of this 
application examined how the property of the insulating film 204 changed when the high-frequency power was applied 
also to the upper electrode 104 and the power of the high-frequency power applied to the lower electrode 102 was 
50 changed. 

[0130] The film forming conditions in this case are given as following Condition G. 
(Condition G) 

55 [0131] 

HMDS flow rate: 50 seem 
H 2 0 flow rate: 250 seem 
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substrate temperature: 375 °C 
deposited film thickness: 500 nm 
electrode distance: 25 mm 
pressure: 2.3 Torr 

frequency of the high-frequency power applied by 
the first high-frequency power supply 107: 13.56 MHz 
power of the first high-frequency power supply 1 07: 300 W 
frequency of the high-frequency power applied by 
the second high-frequency power supply 109: 380 KHz 

[0132] When the relative dielectric constant and the refractive index of the resultant insulating film 204 examined 
C ^ 

Condition G, the results shown in FIG.12 were obtained 

L° 1 rl 3 Li S ,h h0W , n r F !?' ! 2 ' ^ ^ UnderSt °° d th3t 35 tHe P ° Wer ° f the Second high-frequency power supply 1 09 

* ! ^ constant and the refractive index of the insulatin g fil ™ 204 are 2Ld 

he cLSrt'T S th ' S a , PP ' iCati0n 6Xamined thS l6akage CUrrent of the insulati "9 »" 204 formed under 
" G by Chan t 9ln 9 van ° us| y the P° wer * the second high-frequency power supply 1 09 as in the abovT 

K^^T? 38 Sh0W " in RG 13 > the insulatin 9 film 204 was formed on a p type silicon substrate 207 

l^ ° n , ±o Wit 5 ^ S " iCOn SUbStrate 207 bein 9 9 rounded . a ™™V P^be 20 which has 
an electrode area of 0.02258 cm*, was brought into contact with the upper surface of the insulatina film 2M *T* 
negative potential is given to the mercuiy probe 208. insulating f.lm 204, and a 

Sf th 085 "^ ? the , examination are shown in F'G14- In FIG.14, an ordinate represents the leakage current (N 
?1 h L*?f Ulat,n9 f " m 204 in a logarithmic sca,e - 0n the °ther hand, an abscissa represent sLI ol Z 

(iv) Examination results of NH 3 contained in the film 

[0138] It is preferable that, when the insulating film 204 is used as the interlayer insulating film and chemical amoli 
ecauLl'NH COated t ° P h 6 in ! U ' ating 204 f ° r Patterln9 ' NH 3 js »<* ^Le6 in the nsuLing Z^ jS s 

s^Si r v rNH? h ::t s h u ' atin9 r r the chemicai amp,ification resist m - *• 

7nLL T u V 3 " thG rGS,St under 9° es Patterning, and thus the desired resist pattern cannot be 

Zl oollTT- ,n r Se r" 6 " Pattem " reqU,Yed f ° r the thjs Phenomenon blS^ZL? 

which poses a barrier to implement fine patterning for the underlying insulating film prominent, 

[0139 When the nitrogen oxide (N 2 0, etc.), which serves as the oxidizing gas, is added into the reaction aas NH 

^ '? e f m beCaUSe ° f N (nitr ° 9en) " the nitr ° gen ° xide ln to verif^ ph Zn t : 

NH inSU,at ? fHm by USin9 Si ^ CH 3)4 and N 2 0, and then examined 

NH 3 ,n the insulating film. The film formmg condrtions for this insulating film are given as following Condition H. 

(Condition H) 



[01 40 J 



Si(CH 3 ) 4 flow rate: 80 seem 
N 2 0 flow rate: 320 seem 
substrate temperature: 350 °C 
deposited film thickness: 500 nm 
pressure: 1 Torr 

frequency of the high-frequency power applied by 
the first high-frequency power supply 107: 13.56 MHz 
power of the first high-frequency power supply 107: 300 W 

lT,h™ °H th K e h? " freqU6nCy P0W6r aPP "' ed by thS S6C0nd hi 9 h - f ^uency power supply 1 09: 400 KHz power 
of the second high-frequency power supply 1 09: 30 W ' p r 

Firl I pT? e /f UrtS ° f an amount of NH 3 opined the insulating film formed under the Condition H are shown in 
F.G.15. FIG.15 ,s graph show.ng the results of an amount of NH 3 measured by the TDS (Thermal Desertion Spec 
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troscopy) method. An abscissa of this graph represents the temperature (°C) at which the insulating film is heated in 
the measurement. On the other hand, an ordinate represents the relative ion intensity (%) of monovalent positive ion 
whose molecular weight is 17. Here, the relative ion intensity (%) is defined as (ion intensity of the monovalent positive 
ion whose molecular weight is 17)/(total ion intensity desorped by heating). NH 3 is ionized to NH 3 + by the heating and 
5 since the NH 3 + is monovalent positive ion whose molecular weight is 17, what depicted in the FIG.15 is the relative 
ion intensity of the NH 3 + . 

[0142] As can be seen from FIG.15, it can be understood that when the bias is applied (which means the power of 
the second high-frequency power supply 109 is applied to the lower electrode 102 as in the condition H), NH 3 + is 
desorped at the temperature of about 250 °C. It can also be understood that when no bias is applied (which means 
10 the power of the second high-frequency power supply 1 09 is not applied to the lower electrode 1 02), NH 3 + is desorped 
at the temperature of about 400 °C. 

[0143] In this manner, it can be understood that if the nitrogen oxide (N 2 0, etc.) is used as the oxidizing gas, NH 3 is 
contained in the film regardless whether the bias is applied or not. 

[0144] On the contrary, it is considered that if H 2 0 is used as the oxidizing gas, NH 3 is not contained in the film. In 
15 order to verify this, the inventors of this application examined an amount of NH 3 contained in the insulating film 204 
that is formed under the following Condition I. 

(Condition I) 

20 [0145] 

HMDS flow rate: 50 seem 
H 2 0 flow rate: 250 seem 
substrate temperature: 375 °C 
25 deposited film thickness: 500 nm 

electrode distance: 25 mm 

frequency of the high-frequency power applied by the first high-frequency power supply 1 07: 13.56 MHz power of 

the first high-frequency power supply 107: 300 W 

power of the second high-frequency power supply 109: 0 W 

30 

[0146] As can be seen from the Condition I, the high-frequency power is applied only to the upper electrode 1 04 and 
is not applied to the lower electrode 102. That is, bias is not applied in the Condition I. 

[0147] When the pressure in forming the film was changed variously under the Condition I, an amount of NH 3 con- 
tained in the insulating film 204 was measured as shown in FIG. 16. FIG. 16 is a graph showing the results obtained 

35 when the amount of NH 3 contained in the insulating film was measured by the TDS method. Since the abscissa and 
the ordinate of this graph are the same as those explained previously in FIG.15, their explanation will be omitted. 
[0148] Although the desorption begins at the temperature of 600 °C in FIG. 16, this is not due to NH 3 + but due to the 
isotope of CH 4 + whose molecular weight is 1 7. In this manner, if H 2 0 is used as the oxidizing gas, the amount of NH 3 
contained in the film can be largely reduced compared with the case where N 2 0 is used as the oxidizing gas. Therefore, 

40 if the insulating film 204 is formed by using H 2 0 as the oxidizing gas and the chemical amplification resist is formed 
thereon, the chemical amplification resist can be patterned with desired precision. This respect will be explained with 
FIGS.20A to 20G, in which the damascene process is exemplified. FIGS.20A to 20G are sectional views showing a 
sectional shape respectively when the damascene process is applied to the insulating film 204 formed by using H 2 0 
as the oxidizing gas. 

45 [0149] First, as shown in FIG.20A, a lower copper wiring layer 210 is formed on an underlying interlayer insulating 
film 209 and then a blocking film 211 such as an SiN film, etc. is formed thereon. 

[0150] Then, as shown in FIG.20B, the insulating film 204 is formed on the blocking film 211 under the Condition I. 
At this time, as described above, an amount of NH 3 contained in the insulating film 204 is sufficiently reduced. 
[0151] Then, as shown in FIG.20C, chemical amplification resist 216 is coated on the insulating film 204. 

50 [0152] Then, as shown in FIG.20D, an opening portion 21 6a is formed by patterning the chemical amplification resist 
21 6 by virtue of the photolithography. As described above, since an amount of NH 3 contained in the insulating film 204 
has been sufficiently reduced, the chemical amplification resist 216 is not crosslinked by NH 3 during undergoing this 
patterning. Therefore, fine pattern of the chemical amplification resist 216 can be obtained in this step, and thus a 
diameter of the opening portion 21 6a can be made small desirably. 

55 [0153] Then, as shown in FIG.20E, using the chemical amplification resist 216 as an etching mask, an opening 
portion 204a is formed by etching the insulating film 204 This etching is carried out by the RIE, in which a gas mixture 
containing CF 4 +CHF 3 or C 4 F 8 is used as the etching gas. Since the pattern of the chemical amplification resist 21 6 is 
formed finely as described above, the pattern of the insulating film 204 can also be formed finely. Thus, the opening 
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portion 204a with a small diameter can be formed in the insulating film 204. In this etching, the blocking film 211 has 

^J!!^!!^^^; uslng th , e chemical amplifica,ion resist 215 as a etchin9 mask < the biock ^ f » m 

Zl 1 is etched by the RIE . In this RIE, a gas m.xture containing CF 4+ CHF 3 , in which the gas composition ratio is chanaed 

1 Ta ^d int' n h ? at Z fi ! m ^ * °» ^ P— -dgas mixture, an open port 

2 la « formed ,n the blocking film 211 located under the opening portion 216a, and a surface of the lower copper 

[0155] Then, as shown in FIG.20G, afterthe chemical amplification resist 216 is removed a barrier metal laver (not 
shown) such as the TIN film, etc. is formed on a side wall of the via hole 214, and then a co^Z^Ss t 

a r^n? o S a '!I S „ n'f h0,e / 214 and on the lnsu '««n9 204. This copper p.aBng fi.m 21 sTs f by supp ylng 

a current to a copper seed layer (not shown), which is formed on the inner surface of the via hole 214 and the upper 
surface of the insulating film 204 by means of sputter method, etc. PP 

EES ' A ?n t , h ! St ?' the u C ° Pper platin9 fi,m 215 formed on the ins ^ng ^ 204 is removed by the CMP (Chemical 
1 IS u ! ab0V6 ' ' f thS mSUlatin9 film 204 is formed bv usin 9 the reaction gas containing HMDS and H O 

by NH 3 Therefore, since the chemical amplification resist 216 can be patterned finely, the insulating film 204 can be 
etched finely using the chemical amplification resist 216 as a etching mask 

[0158] In this fashion, if the insulating film 204 is formed by using the reaction gas containing HMDS and H.0 not 
only the dielectric constant of the fi.m 204 can be lowered, but also the amount of NH 3 in the film 2* I can be recced 
and therefore the fine pattern can easily be made in the film 204 

L 015 , 9 !- o« h ! in u Vent0rS ° f thiS a PP |ication examined the relative dielectrfc constant and the refractive index of the 

TuS™ 

Sre^^ 

2 h ln addition . the inventors of this application examined the leakage current in the insulating film 204 formed 

SIS t S des f bed above ' accordin 9 to the film forming method of the present invention, the insulating film con- 
taining sHiconis formed by using the compound having the siloxane bond or the Si(OR) n H m compound The alkoxv 
oaky group ,s contained in the insulating film, and t^^O^c^^fJ^^I^S^^^ 
ZSS 18 COnta ' ned iS '° Wered ' and thUS the dielectric constaf1t ° f the entire film is lowered ^ 
Snni !" C .°T Und haVin9 the $il0Xane b0nd 0r the S '(° R )nH m compound, Si and O have already been 
bonded Therefore, when the insulating film containing silicon is formed by using these compounds many Si C bonds 
are hard to be formed ,n the film. Therefore, the increase in the leakage current due to the Si-C bond can be reduced 
in the insulating film containing silicon formed as above. reaucea 
[0165] Especially, when the parallel plate type plasma chemical vapor deposition equipment is used as the film 
forming equ.pment, and also the gas containing HMDS (chemical formula: (Si^O an ^ N 2 oTused as t e 
reaction gas, following particular advantages can be achieved respective^ if the fi.m formed under flwfng conl 

(1 ) Applying the high-frequency power to both the upper and lower electrode. 

Srih e ^I d l 9 K 0 f thfe C ° nditi0n ' inSl " atin9 fHm C ° ntainin9 Si,,COn havin9 the lar 9 er ha ^ than the 

case where the high- frequency power is applied only to the upper electrode can be formed. 

to^thTo^ 



c!!!l^h° rd i n9 K t0 f thiS C ° nditi0n ' inSUlatin9 ' ilm C ° n,ainin9 Si,iCOn havin 9 the lar 9 er hardness 



than the 
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(3) Applying the high-frequency power only to the upper electrode, and setting the electrode distance to more than 25 
mm. 

[0168] According to this condition, the insulating film containing silicon having the lower dielectric constant than the 
5 case where the high-frequency power is applied only to the upper electrode and the distance between the upper and 
lower electrodes is less than 25 mm can be formed. 

[0169] Also, if the reaction gas containing HMDS and H 2 0 is used, NH 3 is seldom contained in the resultant insulating 
film containing silicon. Therefore, the chemical amplification resist formed on the insulating film containing silicon is 
never crosslinked by NH 3 . As a result, the resist can be finely patterned and thus the insulating film containing silicon 

10 can be finely patterned desirably. 

[0170] The invention is not to be constructed as limited to the particular examples describes herein, as these are to 
be regarded as illustrative, rather than restrictive. The invention is intended to cover ail process and structures which 
do not depart from the spirit and scope of the invention. For example, though in the examples and examination therein 
the HMDS are utilized, other compounds having the siloxane bonds such as OMCTS, HEDS, TMDS, TEDS, TMCTS, 

15 TETCS may be utilizing alternatively. 



Claims 

20 1 . A film forming method of forming an insulating film containing silicon on a substrate by plasmanizing a compound 
having siloxane bonds and an oxidizing gas to react with each other. 

2. A film forming method according to claim 1 , wherein the compound having the siloxane bonds is any one selected 
from the group consisting of (Si(CH 3 ) 3 ) 2 0, (Si(CH 3 ) 2 ) 4 0 4 , (Si(C 2 H 5 ) 3 ) 2 0, (SiH(CH 3 ) 2 ) 2 0, (SiH(C 2 H 5 ) 2 ) 2 0, (SiH 

25 (CH 3 )) 4 0 4 , and (SiH(C 2 H 5 )) 4 0 4 . 

3. A film forming method according to claim 2, wherein the oxidizing gas contains at least one selected from the group 
consisting of N 2 0, 0 2 , H 2 0, and C0 2 . 

30 4. A film forming method according to any one of claim 1 to claim 3, wherein an inert gas is further added in addition 
to the compound having the siloxane bonds and the oxidizing gas. 

5. A film forming method according to any one of claim 1 to claim 4, wherein plasmanization is performed by applying 
a high-frequency power to the compound having the siloxane bonds and the oxidizing gas. 

35 

6. A film forming method according to claim 5, wherein the high-frequency power is applied intermittently to the 
compound having the siloxane bond and the oxidizing gas. 

7. A film forming method of performing a film formation in a parallel plate type plasma chemical vapor deposition 
^0 equipment in which an upper electrode and a lower electrode are provided to oppose to each other in a chamber, 

wherein an insulating film containing silicon is formed on a substrate in an atmosphere in which a high- 
frequency power is applied to the upper electrode and the lower electrode and a reaction gas containing (Si 
(CH 3 ) 3 ) 2 0 and N 2 0 is introduced into the chamber. 

^5 8. A film forming method according to claim 7, wherein a pressure of the atmosphere is set to more than 0.5 Torr. 

9. A film forming method of performing a film formation in a parallel plate type plasma chemical vapor deposition 
equipment in which an upper electrode and a lower electrode are provided to oppose to each other in a chamber, 

wherein an insulating film containing silicon is formed on a substrate in an atmosphere in which a distance 
50 between the upper electrode and the lower electrode is set to more than 25 mm, a high-frequency power is applied 

only to the upper electrode, and a reaction gas containing (Si(CH 3 ) 3 ) 2 0 and N 2 0 is introduced into the chamber. 

10. A film forming method of forming an insulating film containing silicon on a substrate by plasmanizing a Si(OR) n H m 
compound (where R is an alkyl group, n and m denotes integer satisfying n+m=4 and rn^O) and an oxidizing gas 

55 to react to each other. 

1 1 . A film forming method according to claim 1 0, wherein the Si(OR) n H m compound is any one selected from the group 
consisting of Si(OCH 3 ) 3 H, Si(OC 2 H 5 ) 3 H, Si(OCH 3 ) 4 , and Si(OC 2 H 5 ) 4 . 
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1 2 ' ^r" 19 method , acco : d K in 9 t0 cla ^ 1 ° °r claim 1 1 , wherein the oxidizing gas contains at least one selected 
from the group consisting of N 2 0, 0 2 , H 2 0, and C0 2 . 

14 ' A ^ZZ:Tc"£ daim ^ ^ C ° mP0Und iS °" e Sel6Cted - °roup 

1 ^fothTSm M 6th0d aCC ° rdin9 , t0 an * one of c,aim 1 0 10 o'aimM.whereinan inert gas isfurtheradded in addition 
to the Si(OR) n H m compound and the oxidizing gas. 

16. A film arming method according to any one of claim 1 to daim 15, wherein an atmosphere containing at least one 

£S£ 2 n ? 3 18 pl T am2ed 3fter the inSUlating film containin 9 silicon is f ormed, and then a surface of the 
insulating film containing silicon is exposed to the plasmanized atmosphere. 

17. A film forming method according to any one of claim 1 to claim 16, wherein an underlying insulating film is formed 
on the substrate and the insulating film containing silicon is formed on the underlying insulating film 

18 ' , A hlti°iT 9 n 6th0d aCC ° rding 10 ° ne ° f C ' aim 1 10 Claim 17 ' Wherein a cover insulati "g f«m is formed after 
the insulating film containing silicon is formed. 

19 " ™z^zz*«z r prisin9 the insuiating fiim containin9 siiicon ,ormed by empi ° yina the fi,m 
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FIG.l 
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FIG.2A 
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FIG.3 
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FIG.4 
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HMDS flow rate : 50sccm 
N2O flow rate : 200sccm 
substrate temperature : 350°C 
electrode distance :25mm 

power of the first high-frequency power supply 1 07 : 

300W 

power of the second high-frequency power supply 1 09 : 

OW 
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F1G.6 




pressure (Torr) 



HMDS flow rate : 50sccm 
N2O flow rate : 20Osccm 
substrate temperature : 350°C 
electrode distance : 25mm 
power of the first high-frequency power supply 1 07 : 

300W 

power of the second high-frequency power supply 1 09 : 

30W 
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HMDS flow rate : 50sccm 
N2O flow rate : 200sccm 
substrate temperature : 350°C 
electrode distance : 25mm 

power of the first high-frequency power supply 1 07 : 

100W 
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FIG. 8 
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HMDS flow rate : 50sccm 
N2O flow rate : 200sccm 
substrate temperature : 350°C 
electrode distance : 50mm 
pressure :0.9Torr 

power of the second high-frequency power supply 1 09 : 

OW 
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FIG.9 
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power of the second high-frequency power supply 1 09 (W) 



HMDS flow rate : 50sccm 
N2O flow rate : 200sccm 
substrate temperature : 350°C 
electrode distance : 50mm 
pressure : 0.9Torr 

power of the first high-frequency power supply 1 07 : 

300W 
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FIG. 10 




HMDS flow rate : 50sccm 
H2O flow rate : 1 0Osccm 
substrate temperature : 200°C 
electrode distance : 25mm 

power of the first high-frequency power supply 1 07 : 

OW 

power of the second high-frequency power supply 1 09 : 

100W 
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FIG. 11 
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HMDS flow rate : 50sccm 
H2O flow rate : 250sccm 
substrate temperature : 375°C 
electrode distance : 25mm 
pressure : 2.3Torr 

power of the first high-frequency power supply 1 07 : 

300W 
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FIG. 13 
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FIG. 14 
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HMDS flow rate : 50sccm 
H2O flow rate : 250sccm 
substrate temperature : 375°C 
electrode distance : 25mm 
pressure : 2.3Torr 

power of the first high-frequency power supply 1 07 : 

300W 
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FIG. 16 
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FIG. 17 
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HMDS flow rate : 50sccm 
H2O flow rate : 250sccm 
substrate temperature : 375°C 
electrode distance : 25mm 

power of the first high-frequency power supply 1 07 : 

300W 

power of the second high-frequency power supply 1 09 : 

OW 
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FIG. 18 
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HMDS flow rate : 50sccm 
H2O flow rate :250sccm 
substrate temperature : 375°c 
electrode distance : 25mm 
power of the first high-frequency power supply 1 07 : 

300W 

power of the second high-frequency power supply 1 09 : 

OW 
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FIG.19B 




204 
211 



FIG.19C 




FIG.19D 



etching qas containing CF4+CHF3 or C4F8 
JjJfjjjJ] 




EP1 113 489 A2 



FIG.19E 
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FIG.20A 




FIG.20B 



204 




FIG.20C 




FIG.20D 




EP1 113 489 A2 



V 



FIG.20E 



etching gas containing CF4+CHF3 or C4F8 

J I I 




FIG.20F 



FIG.20G 



etching gas containing CF4+CH 

J J I I I I I I , 



+ + + 
+ + + 
7- 



Z 




7 



+ + + 
+ + + 



Z X A /_ 





-216 
-204 
-211 



204a1 
21 laj 21 



214 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

/ 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK (uspto) 



